
Europalsches Patentamt ' 
European Patent Office 
Office europeen des brevets 



E CQP^74 394 

A2 



® 



EUROPEAN PATENT APPLICATION 



(§) Application number: 881 001 24 J2 
@ Date of filing: 07.01.88 



© lnt.CI.<: C 12 N 15/00 

C 12 P 21/00, A 61 K 49/00, 
G 01 N 33/577. A 61 K 39/395 



® Priority: 08.01.87 US 16209 

@ Date of publication of application: 
1X07.88 Bulletin 88/28 

© Designated Contracting States : 

AT BE CH D£ ES FR GB GR IT U LU NL SE 

© Applicant: INTERNATIONAL GENETIC ENGINEERING, 
INC. 

1545 -17th Street 

Santa Monica California 90404 (US) 

ONCOGEN 
3005 First Avenue 
SeattlerWA 98121 V (US) 

@ Inventor: Robinson, Randy R. 
5606 W. 79th Street 
Los Angeles California 90045 (US) 



Uu.ANInY. 

807-5th Street Apt 6 

Santa Manic* California 9040C (US) 

HeJIstrotn, Karl Erik 
3925 NX. Surber Drive 
Seattle Washington 98105 (US) 

HeUetromv tngegerd 
3925 NX Surber Drive 
Seattle Washington 98105 (US) 

Led better, Jeffrey A. 
306 N.W. 113th Place 
Seattle Washington 98177 (US) 

Representative: PatentanwaJte GrOnecker, KJnkeldey, 
Stockmabft Partner 
Mexlmtllanstrasse 58 
D-8000MQnch«i22 (DE) 



S3 



^The applicant has filed a statement in accordance with Rule 28 (4) EPC (Issue of a sample only to an expert). Accession number(s) 
of the deposit(s):ATCC HB 9303 

® Chimeric antibody with specificity to human B cell surface antigen. 

@ A chimeric antibody with human constant region and 
murine variable region, having specificity to a 35 kDA 

polypeptide (Bp35(CO20)) expressed on the surface of human *~ . 

B cells, methods of production, and uses. 




ft. 
in 



Bundesdruckarei BerQn 



0274 394 



10 



15 



20 



25 



Description 

CHIMERIC ANTIBODY WITH SPECIFICITY TO HUMAN B CELL SURFACE ANTIGEN 
QArt^nntlNO OF THE INVENTION 

Field of the Invention rfnrBoaring an antibody with specificity for an antigen 

sequences. 

^^M, o, cell-tc-ce., fusion »r the P?^^ 

(Nature (London). 256: 495. B75> spawned a revolution ^ b j°'°^ u h ^ n ^ ^ady widely used In 
rSk^doning. Monoclonal antibodies produced ^g^tSi > produced by human 
ennical and basic scientific studies nm~na*** lntections ^ 

a numoer o, o^cles ^ 
antibodies. This is especial* true when att ««^^ are not recognized as 

which define human cell surface ant.gens. Many JJXT^SSseantSens are not Immunogenic m man. By 
foreign antigens by the human ^ h ^'^^'^^teusBd for the production of mouse 
contrast, human cellular antigens which jre ^^^^ZmAUmuO* such antibodies may be used 
^^nnai antibodies that specifically recognize the human aniigens./wiwju af , lih(vHtf , n humans can 

lead to harmful hypersensitivity reactions as , wen; as Furtnerrnore , mouse monoclonal antibodies 

. molecules so lhat the antibodies do not 'each heir JJ^^JJ^m^ by functional assays such as 
may lack the ability to efficiently in ^ c }^ n ^2TS^^Stl cytolysis (CDC). 
30 Anotherproblemfacedbyirr^unologists^that howeyer „ hM ^ 

human/non-hijman antibody. ' 9 mmhination of the advantageous characteristics 

Thechimerlcantibodiesof the present invention embodya^ 

of monoclor* antibodies der^^ 

chimeric monoclonalanttodtes^ of the chimeric 

antigen; however, unlike mouse ™^"*/^ e ^^ for resistance to- 

rr»^di^ 

be conferred upon a particular antigen combining site. 

INFORMATION D ISCLOSURE STATEMENT 1 have been oubllshed by various authors. 

Approaches to the problem of P^'V9^™ n |^^ 

Mon1son.S.LetaUF 2 oc 1 Na^^ by joining the variable 

m «..c^human antibody moleculB of defined antigen 5 P ec ™ c ^P™°Ji^ ie> 

region genes of a mouse antibody-producing J"™*^^ Sc'g^nes" were 

huLn immunoglobulin constant region genes using "^^^^'^^^107 we?e joined to 
constructed, wherein the heavy chain variable region f^^.^,^^^ " ion exon from tfu> same 
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Boulianne, G. L et aL Nature . 312: 643 (December 13. 1984). also produced antibodies consisting of mouse 
variable regions joined to human constant regions. They constructed immunoglobulin genes in which the DNA 
segments encoding mouse variable regions specific for the hapten trinitrophenyl (TUP) were joined to 
segments encoding human mu and kappa constant regions. These chimeric genes were expressed as 
functional TNP binding chimeric IgM. 

For a commentary on the work of Boulianne et at and Morrison at aK. see Munro, Nature , 312: 597 
(December 13. 1984). Dickson. Genetic Engineering News . 5, No. 3 (March 1985), or Marx, Science , 229 : 455 
(August 1985). 

Neuberger, M. S. et al.. Nature , 3J4: 268 (March 25. 1985), also constructed a chimeric heavy chain 
immunoglobulin gene in which a DNA segment encoding a mouse variable region specific for the hapten 
4-hydroxy-3-nitrophenacetyl (NP) was joined to a segment encoding the human epsilon region. When this 
chimeric gene was transfected Into the J558L cell line, an antibody was produced which bound to the NP 
hapten and had human IgE properties. 

Neuberger. M.S. et aK. have also published work showing the preparation of cell fines that secrete 
hapten-speciflc antibodies in which the Fc portion has been replaced either with an active enzyme moiety 
(Williams, G. and Neuberger, MS. Gene 43:319, B86) or with a polypeptide displaying c-myc antigenic 
determinants ( Nature . 312:604. 1984). 

Neuberger, M. etal., PCT Publication WO 86/01533. (published March 13, $86) also disclose production of 
chimeric antibodies (see p. 5) and suggests, among the technique's many uses the concept of "class 
switching" (see p. 6). 

Taniguchl, M.. in European Patent Publication No. 171 496 (published February 19, 1985) discloses the 
production of chimeric antibodies having variable regions with tumor specificty derived from experimental 
animals, and constant regions derived from human. The corresponding heavy and light chain genes are : 
produced in the genomic form, and expressed in mammalian celts. 

Takeda. S. et aj.. Nature . 3J4. 452 (April 4, 1985) have described a potential method for the construction of 
chimeric immunoglobulin genes which have intron sequences removed by the use of a retrovirus vector. 
However, an unexpected splice donor site caused the deletion of the V region leader sequence. Thus, this 
approach did not yield complete chimeric antibody molecules. 

.Cabilly. S. et ah, Proc. Natl. Acad. ScL, USA , 81: 3273-3277 (June ©84), describe plasmids that direct the 
synthesis in E. coji of heavy chains and/or lighT chains of anti-cartinoembryonic antigen (CEA) antibody. 
Another plasmid was constructed for expression of a truncated form of heavy chain (Fd') fragment in E. coli. 
h Functional CEA-binding activity was obtained by in vitro reconstitution, in E. coli extracts, of a portion of the 
heavy chain with light chain. 

Cabilly. S.. et aj.. European Patent Publication 125023 (published November 14. 1984) describes chimeric 
immunoglobulin genes and their presumptive products as well as other modified forms. On pages 21, 28 and 33 
it discusses cDNA cloning and priming. 
Boss. M. A.; European Patent Application 120694 (published October 3, 1984) shows expression in E. coli of 
#j*norv^imerte4nrmw^ 4-nitrophenyl specificity. There is a broad description of chimeric 

. ^antibodies^but no details (see p. 9). 

. Wood. C. R. et al. Nature , 3W: 446 (April, 1985) describe plasmids that direct the synthesis of mouse anti-NP 
v antibody proteins in yeast. Heavy chain mu antibody proteins appeared to be glycosylated in the yeast cells. 
^^When bothtieavy and light chains were synthesized in the same cell, some of the protein was assembled into 
HV^functional'antibody molecules^as detected by anti-NP binding activity in soluble protein prepared from yeast 
c^cells. 

^Alexander, A. et al:. Proc. Nat Acad, Sci. USA , 79: 3260-3264 (1982), describe the preparation of a cDNA 
sequence coding.for an aMprmally short human tg gamma heavy chain (OMM gamma 3 HCD serum protein) 
containing a 19- amino acid leader followed by the first 15 residues of the V region: An extensive internal 
deletion removes the remainder of the V and the entire ChI domain. This is cDNA coding for an internally 
deleted molecule. 

Dolby, T. W. et ah, Proc. Natl. Acad. Sci., USA, 77: 6027-6031 (1980). describe the preparation of a cDNA 
sequence and recombinant plasmids containing the same coding for mu and kappa human immunoglobulin 
polypeptides. One of the recombinant DNA molecules contained codons for part of the CHa constant region 
domain and the entire 3' noncoding sequence. 

Seno, M. et al., Nucleic Acids Research , II: 719-726 (1983), describe the preparation of a cDNA sequence and 
. recombinant plasmids containing the samecodfng for part of the variable region and all of the constant region 
of the human IgE heavy chain (epsilon chain). 

Kurokawa, T. et ah. ibid , II: 3077-3085 (1983). show the construction, using cDNA, of three expression 
plasmids coding for the constant portion of the human IgE heavy chain. 

Uu, F. T. et ah, Proc. Nat. Acad. Sci.. USA, §: 5369-5373 (September ©84), describe the preparation of a 
cDNA sequence and recombinant plasmids containing the same encoding about two-thirds of the CH2, and all 
of the Ck3 and Ch4 domains of human IgE heavy chain. 

Tsujimoto, Y. et al.. Nucleic Acids Res. . 12: 8407-8414 (November 1984), describe the preparation of a human 
V lambda cDNA sequence from an Ig lambda-producing human Burkitt lymphoma cell Una, by taking advantage 
of a cloned constant region gene as a primer for cDNA synthesis. 

Murphy, J., PCT Publication WO 83/03971 (published November 24, 1983) discloses hybrid proteins made of 
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in yeast alidtor baetena is not "■"JEKSSnJto 4 (1986). 
See also Commentary on page 835 in Blotecnno - 

^S2^:^ ( (£Sr!3^^« s| » 0, " d,,,< ' a """"" 

-asst. ^ ^sssss-i ssas— 

constant region, and ^ „ spe cificity as the variable, reffonof 

Incapable* dhralenl ^binding. for ^ aforementioned combinations of chuneric 

The use of cONA sequences ra P^JJ ifSrtSa or other hosts which lacK appropnate RNA spl-cmg 
in that cDNA sequences can be expresseo in 

eo systems. 

pnirr r"™"™" QF ™ E »6^R^ _ a „H the expression of immunoglobulin mu and 
— FlGUHh I shows the UNA real i aiKje ments and ^ "4"~" h chain gene complex not shovm to 
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segments. This generates an active mu gen- A different kind of DNA rearrangement, called "class 
switching" relocates the joined Vh. D and Jh region from the vicinity of mu constant C region to that of 
another heavy chain C region (switching to gamma is diagrammed here). 

. FIGURE 2 shows the known nucleotide sequences of human and mouse J regions. Consensus 
sequences for the J regions are shown below the actual sequences. The oligonucleotide sequence below 5 
the mouse kappa J region consensus sequence is a Universal Immunoglobulin Gene (UIG) 
oligonucleotide. Note that there are only a few J regions with relatively conserved sequences, especially 
near the constant regions, in each immunoglobulin gene locus. 

FIGURE 3 shows the nucleotide sequences of the mouse J regions. Shown below are the 
oligonucleotide primers UIG-H and UIG-K. Note that each contains a restriction enzyme site. They can be 10 
used as primers for the synthesis of cDNA complementary to the van able region of mRNA, and can also 
be used to mutagenize, in vitro , cloned cDNA. 

FIGURE 4 Human Constant Doma i n Modules . The human C gamma I clone. pGMH6, was isolated from 
the cell line. GM2I46. The sequence ai Its Jh-ChI junction is shown. Two restriction enzyme sites are useful 
as joints jn .recombining the ChI gene with different Nfagenes. The Apal site is 16 nucleotide residues into is 
the ChI coding domain of Human gamma I; and is used in a previous construction of a mouse-human 
chimeric heavy-chain immunoglobulin. The BstEII site is in the Jh region, and is used in the construction 
described in this application. 

The human Ck done, pGML60. is a composite of two cDNA clones, one isolated from GMI500 (pK2-3), 
the other from GM2I46 (pGMU). The Jk-Cx junction sequence shown comes from pK2-3. In vitro 20 
mutagenesis using the oligonucleotide, JKHindlll. was carried out to engineer a Hind II I site (4 nucleotide 
residues 5' of the J-C junction. This changes a human GTG codon into a CTT codon. 

FIGURE 5 shows the nucleotide sequence of the V region of the 2H7 Vh cDNA clone pH2-ll. The 
sequence was determined by the dideoxytermination method using MI3 subclones of gene fragments. 
Open circles denote amino acid residues confirmed by peptide sequence. A sequence homologous to 25 
Osp.2 in the CDR3 region is underlined. The Nco t site at 5' end was converted to a Sail site by using Sail 
linkers. 

FIGURE 6 shows the nucleotide sequence of the V region of the 2H7 V* cDNA clone pL2-t2. The 
oligonucleotide primer used for site-directed mutagenesis is shown below the Jk5 segment. Open circles 
denote amino acid residues confirmed by peptide sequence. 30 

FIGURE 7 shows the construction of the light and heavy chain expression plasmids p!NG2106 (panel a) 
and pING2IOI (panel B). The Sail to Bam HI fragment from plNG2100 is identical to the Sail to Bam HI 
fragment from ptNG2012E (see panel C). A linear representation of the circular plasmid ptNG2012E is 
shown Jn panel C. The 6.6 Kb Sail to Bam HI fragment contains sequences from pSV2~neo. pUCI2, 
M8alphaRXI2, and pU. The Hind i II site in pSV2-neo was destroyed before assembly of p!NG20!2E by 35 
.Hind II I cleavage, fill-in .and re ligation. 

^FIdURE*8*shows*thF structure of several chimeric 2H7-Vh expression plasmids. pING2107 is a gpt 
i-veYsionofthe4ight chain-plasmid, plNG2I06. The larger ones are two-gene plasmids. pHL2-II and pHL2-26 
contain both H and L genes, while pLL2-25 contains two L genes. They were constructed by joining an 
Ndel fragment containing either an H or L gene to partially digested (with Nde l) plNG2106. 40 

FIGURE'S shows a summary of the sequence alterations made in the construction of the 2H7 chimeric 
antibody expression plasmids. Residues underlined in the 5' untranslated region are derived from the 
cloriedsmouse kappa and* heavy-chain genes. Residues circled in the V/C boundary result from 
mutagenesis operations to engineer restriction enzyme sites in this region. 

45 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



INTRODUCTION 

Generally, antibodies are composed of two light and two heavy chain molecules. Light and heavy chains are 
divided into domains of structural and functional homology. The variable domains of both the light (Vt) and the 50 
heavy (Vh) chains determine recognition and specificity. The constant region domains of tight (CO and heavy 
(Ch) chains confer important biological properties such as antibody chain association, secretion,' 
transplacental mobility, complement binding, and the like. 

A complex series of events leads to immunoglobulin gene expression In the antibody producing cells. The V 
region gene sequences conferring antigen specificity and binding are located In separate germ line gene 55 
segments called Vh. D and Jh; or Vt and Jl. These gene segments are Joined by DNA rearrangements to form 
tiie complete V regions expressed in heavy and light chains respectively (Figure I). The rearranged, Joined 
(Vl-Jl and Vh-D- Jh) V segments then encode the complete variable regions or antigen binding domains of 
light and heavy chains, respectively. 

60 

DEFINITIONS 

Certain terms and phrases are used throughout the specification and claims. The following definitions are 
provided for purposes of clarity and consistency. 

L Expression vector - a plasmid DNA containing necessary regulatory signals for the synthesis of 
mRNA derived from any gene sequence, inserted into the vector. 65. 
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nrtirnr pp™-««gR and PRODUCTS production of a human/mouse chimeric 

^e invents provides a novel m^torm ctoninj and pr ^ Me or cornpnsesa 

ontfhAdv with soecfficity to a human B cell surface a™ l 9 e "-y * . Nat |. Acad. ScL. U.SA 
SS£RS?& 2H7 monocional -^£"3 (Bp^Stf 

S&70 (I985). This antigen is a \V»<^^*SRSSStS» been made before and are described 
if the B ee» lineage. Murine ^SSTfSS T^SSlS**** 
m mark at at supra: see also Stashenko. P.. « 2L; ±JI^- 

" STrnethTd production «»^ t ^ from m « mouse hybridoma fine producing the monoclonal 
(U Isolation of messenger RNA [mRNA> from mo m» j 
an ffiody.clorimgarKJcDNAproducticmtherefroi^ o,i qonU cieotides. useful as primers and/or 

^r5K?sni — * - - 

genwric gene preparation and ctonlng; sequences by linkage of the cloned specific 

(4) Construction of complete heavy fhgMcha. n»W ^ human constant reg ,on gene 

immunoolobulln variable region gene segments of pan «i a™ 

segmentmodules; ^ ^ selected hosts, including prokaryotic ana 

Is the so-called J region (i.e. joining JSLr *w 8WW especially near the constant 

sequences, but a high degree o sequence ^^^^gTi^M. This homology is exploited in th.s 
Son. within the heavy Jh regions or XSX S' r**** were used to design oligonucleotide? 
invention and consensus sequences of *9«^2^Ss for ctoning immunoglobuDn Bght or heavy chain 
(designated herein as UIGs) for use as "Pnm«»« 
35 rnRNAs or genes (Figure 3). Oependmg on the ^JjT ^sequence. Another utility of a particular 

35 Summunojobufln rnRNAs or a specific i™*** BfSSKS specific constant region, such as 
uiG orobe may be hybridization to light chain or neavy cmun nin 

U.IC vJn detects all mouse *«*Er^ * int0 th ° ° DNA T ? f 

UIG design can also include a sequence o introduce > a ff« n ™ » fc gene synthesis to 

,0 immunoglobulin gene (see Figure 3). J^JM'^S^*^ mR ^ °ZZ 

generate the UIG probes for the ^"^J^SSSS^ InS*-* tes3 conse,vad ^!?i° n 01 
other hand, oligonucleotides can be^rrthesteed J^JJJ" t ,„ tne , mm unoglobulin mRNA. 
Jreglonsasadlagnosficaldlnidei^ 
A multi-step procedure is »*^J*«£?™223E^rf odgodT-prlmed cDNA is synthesized 

4S ceil Bght and heavy ch^rnRNAs. ^SL^SSS^Z vectors > such as pBR322 (GuWer and 
and this double-stranded cONA is cloned In aPP^ 1 ™" ^ iwbSation with UIG oHgonucleotide probes. 
Sfman. Gene. 25: 263 ™<»££J^ are mapped and sequenced to 

Positive hSvfand light chain clones d ^^ n m ^^ s Tvitro mutagenesis including, for example 

method has the advantage * -^f^J^ neav * ***• ' 

(Figure 3) into a V region cDNA clone. We used thte *™™£™m human cells. These cDNA clones are 
«, Seeoni cDNA constant reglonmodule vectors we prepared ^^^^^^spMln 

modmA.vtenTKcessuyM*^*?*^™^^^ of the constant region. An alternate 
the human sequence or at another des.red ^location ^near «^™ a ^ 

method utilizes genomic C region ^^^^^^^x^o^cMnC^ 
■ . Third, cloned V region segments generated I as above ^are £JJJ~^ ■ chain C region and the complete 
BO module vectors. For example, one can done ^^^ h ^=gg£ region to introduce a termination 
hun^ajsmmatC region .In addition. or* [^^^^^^^^f^ez^. 
codon afetheTeby obtain a gene se ^itnkedV and C Sns are then transferred into appropriate 
The coding sequences hewng op^on^ r^ked V or eukaryotic . operationally linked means 
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or interruptions of the triplet reading frame. 

One particular advantage of using cDNA genetic sequences in the present invention is the fact that they 
code continuously for immunoglobulin chains, either heavy or fight. By •continuously- is meant that the 
sequences do not contain introns (Le. are not genomic sequences, but rather, since derived from mRNA by 
reverse transcription, are sequences of contiguous exons). This characteristic of the cDNA sequences 5 
provided by the invention allows them to be expressible in prokaryotic hosts, such as bacteria, or in lower 
eukaryotic hosts, such as yeast. 

Another advantage of using cDNA cloning method is the ease and simplicity of obtaining variable region 

gene modules. 

The terms "constant* and "variable* are used functionally to denote thc^e regions of the immunoglobulin w 
chain, either heavy or light chain, which code for properties and feMuits possessed by the variable and 
constant regions In natural non-chimeric antibodies. As noted, it is rot necessary for the complete coding 
region for variable or constant regions to be present, as long as a functionary operating region is present and 
available. 

Expression-vehicles include plasmids or other vectors. Preferred among these are vehicles carrying a 1$ 
functionally complete human constant heavy or light chain sequence having appropriate restriction sites 
engineered so that any variable heavy or light chain sequence with appropriate cohesive ends can be easily 
inserted thereinto. Human constant heavy or light chain sequence-containing vehicles are thus an important 
embodiment of the invention. These vehicles can used as intermediates for the expression of any desired 
complete heavy or light chain in any appropriate host. 20 

One preferred host is yeast. Yeast provides substantial advantages for the production of immunoglobulin 
light and heavy chains. Yeasts carry out post-translational peptide modifications including glycosylation. A 
number of recombinant DMA strategies now exist which utilize strong promoter sequences and high copy 
r.umber plasrriids which can oe used for overt production of the desired proteins in yeast. Yeast re cognizes 
leader sequences on cloned mammalian gene products and secretes peptides bearing leader sequences (i.e. 25 
propeptides) (Hitzman. et aL, Hth International Conference on Yeast, Genetics ano Molecular Biology, 
Montpelier, France. September B-17, ©82). 

Yeast gene expression systems can be routinely evaluated for the level of heavy and light chain production, 
protein stability, and secretion. Any of a series of yeast gene expression systems incorporating promoter and 
termination elements from the actively' expressed genes coding for glycolytic enzymes produced in large 30 
quantities when yeasts are grown in mediums rich in glucose can be utilized. Known glycolytic genes can also 
provide very efficient transcription control signals. For example, the promoter and terminator signals of the 
iso-l-cytochrome C (CYC-I) gene can be utilized. 

The following approach can be taken to develop and evaluate optimal expression plasmids for the 
expression of cloned immunoglobulin cDNAs in yeast. m 35 

* (l)^The^clohed immunoglobulin DNA linking V and C regions is attached to different transcription 
, promoters arid terminator DNA fragments; 

(2rWe*chimeric genes?are placed on'yeast plasmids (see, for example. Broach, J.R. in Methods in 
Enzymology - Vol.iOl :307 ed.> Wu. R. etal.,1983)): 

(3) Additional genetic units such as a yeast leaaer peptide may be included on immunoglobulin DNA 40 
constructs to obtain antibody secretion. 

#(4fcA portion of the sequence, frequently the first 6 to £> codons of the^ene sequence may be modified 
- to representipref erred yeast codon usage. 
^(5)tfhe chimeric genes are placed on plasmids usedfor integration into yeast chromosomes. 
* *The<fofiowing approaches can-be taken to simultaneously express both light and heavy chain genes in yeast. 45 

(1) The Jighf end heavy M §enes are each attached to a yeast promoter and a terminator sequence 
and placed on the same plasmid. This plasmld can be designed for either autonomous replication in yeast 
or integration at specific sites in the yeast chromosome. 

(2) The fight and heavy chain genes are each attached to a yeast promoter and terminator sequence on 
separate plasmids containing different selectable markers. For example, the light chain gene can be so 
placed on a plasmid containing the trjpt gene as a selectable marker, white the heavy chain gene can be 
placed on a plasmid containing ura3 as a selectable marker. The plasmids can be designed for either 
autonomous replication In yeast or integration at specific sites in yeast chromosomes. A yeast strain 
defective for both selectable markers Is either simultaneously or sequentially transformed with the • 
plasmid containing the light chain gene and with the plasmid containing the heavy chain gene. 55 

(3) The light and heavy chain genes are each attached to a yeast promoter and terminator sequence on 
separate plasmids each containing different selectable markers as described In (2) above. A yeast mating 
type 'a* strain defective in the selectable markers found on the light and heavy chain expression plasmids 
(trpl and ura3 in the above example) Is transformed with the plasmid containing the light chain gene by 
selection for one of the two selectable markers (trpl in trte above example). A yeast mating type "alpha' 60 
strain defective In the same selectable markers as the "a" strain (l.e. trpl and ura3 as examples) is 
transformed with a plasmid containing the heavy chain gene by selection for the alternate selectable 
marker (i.e. ura3 in the above example). The a a a strain containing the light chain plasmid (phenotype: 
Trpt Ura~ in the above example) and the strain containing the heavy chain plasmid (phenotype: Trp~ 

Ura+ in the above example) are mated and diploids are selected which are prototrophic for both of the 65 
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above selectable markers (Trp^- Ura + ^^JJ^^^ E coB K12 slram 294 (ATCC 3W46) is 
Among bacterial hosts which may be utitaed as tra^^a hos«. t con ^ 
particuA useful. Other -"R^^i TaSd^ele^acterla such as Salmonella 

aforementioned strains, as well as E. coH \j^J^mMaM soecies may be used, 
typhimurlum or Serratia marcescens. and various es Zhich ae derived from species 

X general , plasritid vectors containing ^£ x ^X^^^^^^ an ^ W 
compatible with a host cell are used I in "» transformed cells. For 

site, as wen as specific genes wh.ch an ^S^JSm* ESS Irom an E. cott species (Bolivar, et al, 
example. E. coll is readily transformeo using pBWR< £!^_7^|- inB re sistence7and thus provides easy 
Gene!WmpBR322conta^ 

n^stor identifying transformed SoStel orgasm for expression of its own 

be modified to contain, promoters which can * !* ™ ™ tDNA construction include the beta-lacta- 

restriction sites are known. Mau-nce can also be placed under control of other regulatory 

The expression of the i ^ uno ^ d, ^ c ^^^ ^ 7^ , ts untransformed state. For example, lactose 
sequencer which may be -^^^ SSXSSS^ mediates lactose digestion by 
jependBnt E. coli chromosomal DNA comprises a ^ments may be obtained from bacteriophage 

SX^tino ttieTnzvme beta-galactosldase. The lac fi^^^m^^^m^ ^ ^ ^ |pTQ 

iambda pLACS. which is infective for ctfLme ^^^ToVed^ well. For example, arabinose. 
Other promoter/operator systems or f 0 J*^ t ^^, e ^ i, d the like can be used 

r^rrS^TSS- <ATCC » . - CHO- K, ,.TCO 

C RL 6t »- .!i«kib »«r the exDression of cloned heavy chain and light chain genes 
Several possible vector systems are available for the «P™«" °' n c " J , ' d esired gene sequences into the 
in mammaLn ceils. One class of vectors " ^ YjT*" ^ e ^ *b ^sSttaSeousty introducing drug 
host celt genome. Cells which have stably grated JHA an bj ■JJJ'gJJ. Acad. Sci.. USA , 78: 2072 (1981)) 
resistance genes such as E. coH apt IMufogan R JC and Berg. ^^^—-g^-^^ ^ be 
orTnSneo(Southj»rn,P.J.andBerg.P., ^ 
eitherl»tomeDr*ger»sea£n^ eIements ^ conter 

(Wigler. M. et aL. Cell. B: 77 B79) . \*°™L^*™^u. These vectors can be derived from 
autonomousi7replicating capabilities to an « « J**™^* p ^ wJT Acad. Sci.. USA. 79: 7147 (1982)). 
<5 animal *™ses. f*=h as £o*» P^^^^^^mW^^^ tLusky. * and 
polyoma vims (Deans, h. j. et at., riw. |l|uu - * . — 

Botchan. M.. Nature . 293 : 79 (1981)). „„„onces presenting the mature mRNA encoding 

Since an imrn^noglobuiin cDNA Is composed ^J^^S.'SSplSi of the gene and processing 
en antibodyprotetn additional gene expression J^**2S^S^5£ elements may include splice 
SO of the RNA are required for the ^j** termination signals. cDNA 

signals, transcription promoters. "d?**^ H " "* ^ P - ^ 

ss -A^dSaa^ 

Be nes which are derived from genomic ^^-^'^^Z^BcJs^lr^^is 

composed in whole or fn part of genomic fences. £^ "g^JJJE # ^ cell. 29: 691 (1982)). The 
been described (Ellison. J. W. et aL. •*ig^^^^ C 5g£lS introdUctioTI oTimmunoglobulin 

"5K5 ^ches can be ^^^S^XX^o assembly of purified light 
First, one can separately express ^^J^^^^^Z^^^far generation of complete 
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125 (1974)) In vitro reaction parameters for the formation of IgG antibodies from reduced Isolated light and 
heavy chains have been defined fay Beychok, S.. Cells of immunoglobulin Synthesis. Academic Press, New 

Second% is possible to co-express fight and heavy chains In the same cells to achieve intracellular 
association and linkage of heavy and light chains into complete H2L2 IgG antibodies. The co-expression can 5 
occur by using either the same or different plasmids in the same host. 

PO LYPEPTIDE PRODUCTS ♦ • 

The invention provides 'chimeric" immunoglobulin chains, either heavy or light. A chimenc chain contains a 
constant region substantially similar to that present in a natural human immunoglobulin, and a variable region 10 
having the desired antigenic specificity of the invention. i.e.. to the specified human fl cell surface antigen. 

The invention also provides immunoglobulin molecules having heavy and light chains associated so that the 
overall molecule exhibits any desired binding and recognition properties. Various types of immunoglobulin 
molecules are provided: monovalent, divalent, molecules with chimeric heavy chains and non-chimerlc light 
chains, or molecules with the invention's variable binding domains attached to moieties- carrying oesired 15 

Antibodies having chimeric heavy chains of the same or different variable region binding specificity and 
non-chimeric (Le., all human or all non-human) light chains, can be prepared by appropriate association of the 
needed polypeptide chains. These chains are individually prepared by the modular assembly methods of the 
invention. 
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U SES 

Hfhe antibodies of the invention having human constant region can be utilized for passive immunization, 
esoeciaily in uumans, without negative immune reac tions such as serum sickness or anaphylactic shock. The 
antibodies can. of course. aJso*e utilized in prior art immunodiagnostic assays and kits in detectably labelled 25 
form (e.g.. enzymes. 14 C. fluorescent labels, etc.). or in immunobilized form (on polymeric tubes, beads, 
etc.). in labelled form for in vivo imaging, wherein the label can be a radioactive emitter, or an NMR contrasting 
agent such as a carborv43 nucleus, or an X-ray contrasting agent, such as a heavy metal nucleus. The 
antibodies can also be used for in vitro localization of the antigen by appropriate labelling. 

The antibodies can be used for therapeutic purposes, by themselves, in complement mediated lysis, or 30 
coupled to toxins or therapeutic moieties, such as ricin, etc. 

Mixed antftK)dy-enzyme molecules can be used for immunodiagnostic methods, such as EUSA. Mixed 
antibody-peptide effector conjugates can be used for targeted delivery of the effector moiety with a high 
degree of efficacy and specificity. 

Specifically, the chimeric antibodies of this invention can be used for any and ait uses in which the murine 35 
2H7 monoclonal antibody can be used, with the obvious advantage that the chimeric ones are more 
^ *cbmpatible*with thehurnan body. 
v^Having-now^eneraily^described the invention, the.same will be further understood by reference to certain 
specific examples which are included herein for purposes of illustration only. and are not intended to be limiting 
unless otherwise specified. 40 

EXPERIMENTAL - r 

Materi als and Methods 

v"— T 75 45 

p r Tissue Culture Cell Lines 

1 Theruiniah cellTInesljM^ and GM1500 were obtained from the Human Mutant Cell Repository (Camdan, 
New Jersey) and cultured In RPMH640 plus KWb fetal bovine serum (M. A. Byproducts). The cell One Sp2/0 was 
obtained from the American Type Culture Collection and grown in Dulbecco's Modified Eagle Medium (DMEM) 
plus 4.5 g/l glucose (M. A. Bloproducts) plus KWto fetal bovine serum (Hyclone, Sterile Systems, Logan, Utah). 50 
Media were supplemented with penicillin/streptomycin (Irvine Scientific, Irvine. California). 

Recombinant Piasmid and Bacteriophage DMAs 

The plasmids pBR322, pU and pUCC were purchased from Pharmacia P-L Biochemicals (Milwaukee. 
Wisconsin). The plasmids pSV2-neo and pSV2-gpt were obtained from BRL (Gaithersburg, Maryland), and are 55 
available from the American Type Culture Collection (Rockville, Maryland). pHu- gamma- J is a subclone of the 
8.3 Kb HirtdHI to BamKl fragment of the human IgG! chromosomal gene. An Isolation method for of the human 
IgG) chromosomaTgene is described by* Ellison, J. W. et al, Nud. Adds Res.. 10: 4071 (1982). M 8alphaR XI2 
contains the 0.7 Kb XbaJ to Ecofll fragment containing the mouse heavy chain enhancer from the J-C intron 
region of the M603 chromosomal gene (Davis, M. et ah. Nature , 283733 , ©79) Inserted into MBmplO. DNA GO 
manipulations Involving purification of piasmid DNA * by buoyant density centrifugatfon, restriction 
endonuciease digestion, purification of DNA fragments by agarose gel electrophoresis, Bgatlon and 
transformation of E. cofi were as described by Manlatis, T. et aL, Molecular Cloning: A Laboratory Manual . 
(1982) or. other procedures. Restriction endonudeases and other DNA/RNA modifying enzymes were 
purchased from Boehrtnger-Mannhehn (Indianapolis, Indiana), BRL, New England Bidabs (Beverly. 65 



9 



0274394 



Massachusetts) and Pharmacia P-L. 



rMinnnucla otide Preparation „i„.»« method of Ho et al. < Muel. Acids Res. , K>: 1755 

8Sonucleot,das Were eit her synthesized 
5 wlorwerepurcr^fromELESEN.UsAngelBS • < J™J^ 9 ^ gradien t of aeetonitrilein lOmM 
puiSed on Sephadex-G50. followed by «^i»ph«HHKJ 2e% a*^ ,8S >- Detritylation was in BOWb 
K^ntacetic acid. P H 72 on • 
acetic acid for 30 min,followed by evaporation thnce. ongonuc *<» 
T4 polynucleotide kinase. 

« d^ed^M^ 

oyStreatingthe RNAwTthlormaldehyde^^^ 

%bridizat.on?o filterbound RNA was ^^^^ZSlmonu^ usi ng 
Margulies, D. H. et aL (Nature. 2§§- JSa »^4 overnight, followed by washing In 4xSSC at 37 C. 
Denhardfs. K» og/ml salmon sperm DNA at 37 C ovemigm, 

cPNA Preparatio n and Cloning „ Mritt . , tam DO ly(A>+ RNA from QMI500 and GM2M6 cells ;by the 
™ oiigo-dTprimedcUNAIibraiies were prepare* Mrom ^ejy W ^ B j ^ 25: 263 

methods of Land. H. et al <^!d!£«^^^^^ sufira) with^-labeHed 

,883). respectively. The cDNA lories were "gj^. 891(1983)). or wShnick-translated DNA 

_.. .i«.*M> E neinn the orocedure of oe Langs bi «. \^_- _ 

fragments. 
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r.i ;tr n..ri«.otide Primer Extensio n and Cloning denaturation at 90°C for 5 

■ pV) + RNA (20 ug) was mixed with U ug pnmer J^^J!^ (BRL) added in 3 ul of IM 
min. and then chilling in ice. 3 units "^^^.Je r N a at 42«C for 15 minutes, then 12 ul of .05M DTT 
Tris-HCI. P H 8.3. The ofigonucleohde^ ; annealed^ to JjRNA a < alpna ^2 P<1 ATP (400 Ci/mmo . 

.05M MgCfe. and I mM each ^^^^^^^^nsc^^B units/ul. We Sciences). 
New England Nuclear) was addeo. lOmM Tris. »mM EDTA. pH 7.6 were added. 
After incubation at 42«C for 105 mm.. ulO J .MEDTA ^ano w chromatography, and the 

35 Unincorporated nucleotides were removed I by Sepha dMb*P precipitated with ethanol Second 
RNA-DNA hy brid was extracted *«• and insertion into homopolymer tailed vectors was 

strand synthesis, homopolymer tartmg with dGTP or dt, 1 r. ano re 
as described by Gubler and Hoffman, supra. 

40 Site-Directed Mutagenesis romh ined with 20 ng oligonucleotide primer in I2£ ul of Hin 

""Single stranded MB subclone DNA (I ug) ^JJSSZ to 95»C in a seated tube, the primer 
buffer (7 mM Tris-HCI. pH 7.6. 7 mM MgCb. 50 mM NaC£ A *£ ™ ;, inutes . 2 ul dNTPs (I mM each). I ul 
was annealed to the temptateby Mannheim) were added and 
3*P-dATP (10 uCi). I ul DTT (0.1 M) and 0*£"g"»£ EflD hg) MB reverse primer (New England 
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• ~ttc wpn» Allowed to recover tn complete DMcM tor w i* nou^ ^ tfsmrM section was 

at 0.8 mg/ml. and myco phenolic add (CaiDiocnem» w*. « ^ 



A double antibody sandwich EUSA tvoHer.^m^."^-"-— - ed to detect spe ctfic 
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antiserum Is goat anti-human kappa (Tago) at 1/500 dilution, while the peroxidase-bouiid antiserum is goat 
anti-human kappa (Cappel) at l/WOO dilution. 

EXAMPLE ! 

A Chimeric Mouse-Human Immunoglobulin with Specificity for a Human B Celt Surface Antigen 

^^fllSse monoclonal antibody (gamma 2b. kappa) recognizes a human B-ceB surface antigen. 
«£SmS^S!% a... Proc. NaiKad. M, USA 82:1766 («985». The (Bp35(CD20 ) motecutes 
p^m^playTrole in^enlctf^.^al^d72H7 does not rmct with stem cells wh.cn are 
progenitors of B cells epithelial, mesenchymal and fibroblastic cells of other organs. 

I9i identification of J Sequences in the Imm unoglobulin mRNA of 2H7 . 

F^zen^swaVethaw^ on ice tor 10 minutesand then at room tempe rature. The ««^^ *"£ 
with 15 ml PBS and the cells were centrifuged down. They were resuspended. after washes in PBS. ir 1 16 i ml 3M 
SS.trun37andd. S rupted in a polytron shear. The preparation of ^^SSTSSSwS^ 
fraction were carried out according to Autfray. C. and Rougeon. F., Eur. J. Biochem. 

ThTpo*^^^ 

under Seditions described by Nobrega et a.. Anal. Biochemical BS^The products ; were then 
electroohoresis in a 1.7% agaroseTBE gel. The gel was fixed In KWto iCA. blotted dry and exposed for 
aSoSo^S. The result showed that the 2H7 V„ contain, Jh«. Jh2. orJ H 4 ^,"0^^ sequences 
ToMheanllysis of the Vx mRNA, the dot-blot method of White and Bancroft J. B.ol. Chem 257.6569 (1982) 
wa« used Pory(A+) RNA was immobilized on nitrocellulose filters and was hybndized to labeled 
probe-oflgonucleotides at in 4xSSC. These experiments show that 2H7 contains J K 5 sequences. 

A"Sb^^f^m»o^^^o^t) on 2H7 pory (A + ) RNA was screened for kappa clones with a rnoi*se Ck r ®9j°" 
probe From the 2H7 library, several clones were isolated. A second screen with a 5' Jk5 specific probe 
identified the2H7<JK5) HghWhaln clones. Heavy chain ^^Z^ n VTZ^X t Em 
RNA with the WGH(BstEII) oligonucleotide (see Figure 3). and identified by screening with the UIGH(BstEII) 

0li S;heS2d light chain genes or gene fragments from the 

inserted into MO bacteriophage vectors for nucleotide sequence analysis. The complete nucleotide 
sCls 2 the variable regioS of these clones were determined (FIGURES 5 and 6) by the ««deoxy chain 
termination method: These sequences predict V reglomam.no acid compos.tions that; agree i weH wrth the 
^observed compositions, and predict peptide sequences which have been verified by direct amino acid 
-seauencing of .portions of the V regions. 

The nucleotide sequences of the cDNA clones show that they are immunoglobulin V region clones as they 
contain amino acid residues diagnostic of V domains (Kabat et_aL. Sequences of Proteins of Immunological 
''-Interest; U.S. Dept-Of HHS, 1983). . . _ . 

The 2H7 V H haythe J H I seq uence. The 2H7 V L Is from the V K -Kpnl family (Nishi eta}. Proc. Nat Acq. Sci. USA 
^82-6399 B85).;ana uses Jk5. The cloned 2H7 V L predicts an amino acid sequence wMchw^confirmed by 
^■amino acid sequencing of peptides from the 2H7 light chain corresponding to residues 8W00. The doned 2H7 
t V H predicts an amino acid sequence confirmed also by peptide sequencing, namely residues 1-12. 

141 In Vitro Mutagenesis to. Engineer Restriction Enzyme Sites In the J Region for Joining to a Human 
C-Module. an d to Remove Ottgo tdC) Sequences S' to the V Modules. a 

For the 2H7 V K . the J-region mutagenesis>mer JxHjndlll, as shown in FIGURE 6. was utilized, A human px 
module derived from a cDNA clone was also mutegenlzed to contain the Hindlll sequence (see Figure 4). The SO 
mutagenesis reaction was performed on Mt3 subclones of these genes. The frequency of mutant clones 
ranged from 0.5 to 1% of the plaques obtained. : 

It had been previously observed that the oligo .<£) sequence upstream of the AUG codon in a Vh chimeric 
gene interferes with proper splicing in one particular gene construct It was estimated that perhaps as much as 
70% of the RNA transcripts had undergone the mis-splicing, wherein a cryptic 3* splice acceptor In the leader 
sequence was used. Therefore the oligo (dC) sequence upstream of the initiator AUG was removed in all of the 

^rvorie approach, an oligonucleotide was used which contains a Sail restriction site to mutagenlze the 2H7 
V K clone. The primer used for this ongonucIeotJde-directed mutagenesis is a 22-mer which introduces a Sail 
site between the oligo (dC) and the Initiator met codon (FIGURE 6). 

In a different approach, a convenient Ncol site was utilized to delete the 5' untranslated region and oligo 
(dC) of the 2H7 Vh clone (see Figure 5). 

D« hyman C gamma I gene module is a cDNA derived from GM2I46 cells (Human Genetic Mutant Cell 
Repository. Newark, New Jersey). This C gamma I gene module was previously combined with a mouse Vh 
gene module to form the chimeric expression plasmld plNG2012E (Figure 7C). 
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15) «*n»fc-2H7 Ex pression PtearoWs. ^ replacomenl of the V H module of 

A-2H7 chimeric hivy chain ^^^^^^J^^Sn (FIGURE 7B>. This plasm.d 
DING20I2E with the Vh cDNA modules to give the exprewton p^m p ^ ^ 

SSthe synthesis of chimeric 2H7 h ^ c ^ Hi S^^^^ 

Forthe2H7 light chain chimertcgene. the ^'^^"'^^rning piNGZKB. Replacement of the neo 
human Gk module by the P^cedure out»J*d hFIGUBE ^™»^^ mpnsS es2Wr<Xi™K 
sequencewiththeE^gptgenecterrved^m mammalian cells 

light chain and confers «*«*»^^^ 

The Inclusion of both heavy and light ^^^SSSi" nes l8a dingto a balanced gene dosage This 
mtotranstectedcellsof alJ generated "^^^^JaSSed ceBs for optimal chimeric antibody 
may Improve expression and decrease rnan.pubtonsca /™" 3 ^ hlmeric heavy an d light chain genes of 
e^reJfon. For this purpose. the 1 0W > <W ^^oTpSSSl aTpHL2-28 f*™*™ 

S ^t£ SRSSKSa are sunned in FIOUBE , 

(6, Stawejns^^ 

20 B^porationwasus^ technique gave a 

of 2H7 chimeric expression P^^ 1 * m S c l „ „ 

transection frequency of 10 * ^S£?i?S^ with Ndel; and the ONA waslntroduced 
The expression ptasmids. pMGaoi and p inq ^jJJ™1 ^SLod whiehleeretes chimeric 2H7 antibody, 
into SP2/0 cells by electrocution. Transform^ « was <£5£2*£ to charac teri2e the chimeric 

* AntA ^y^^^ZZ^^ the twc-gene plasmids. 
anitooay. ~— * 

(7) r,,^—— *him,H e 2H7 AntlboCy hjM iy rpMEM (Gibco #320-1965). 

cetl/ml for 18-24 hr. ^^.mnnnPMinaJS^ZrotorfaOOOxgJtorlSmin. 

j ^CSSSSWSSTffJSK »■« i - — — • - " 

Trs^s^ ,o ^~«*'>«' «»"-"' - Miuasd m ms ' a " CDM 80 

preequilibrated with IOmM sodium P h °^ e ' P^?^,™ onosDn ate buffer pH 8.0. foUowed by 8ml 0.IM 

45 ^tiS^Q^KU as eUition and wa, pooled and concentrated over Centricon 30 
^ffiKrCKSftw* sodium phosphate P H 7.4. UM NaO In Centricon 30 b, 

^WJS^CS^^ - b0 * na SErum ,FracBon v ' us ' 

Btochemicals) was added to 1.0% as a stabilizing reagent. 

rirai. me wu»H"«" •;- ~ Z «^T«th etanrianl mouse monoclonal anrawoy em »»" wm.io.~- 

2H7 antigen-negative cell Une were Incubated ^ h f ^°^^ a s ^ n d rBagen t. fluorescelnlsothiocya- 
2H7amlbodyderr^ from the cellw^su^ 
nate (FITCJ-conjugated goat antibodies to human (or mouse. ior ine a» 

Binding Assays. . ,^ carcinoma line C3347 were used as a 

-Cells from a human B cell line.T5l. were used. ^ Ite " ".T^l^ressdetectable amounts of the 2H7 
negative controi. since they. '^^^^^J^^J^SSw^ mouse 2H7 
anOgen. The target cells were first incubated for 30 mi " f e 4 ^.^™ ^ by Ration with a second, 
standard, which had been purified from ^^^^J^ZZLs^. obtained from 
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immunoglobulin, also obtained from TAGO and used at a dilution of 1:50. Antibody binding to the eel! surface 
was determined using a Coulter Model EPIOC cett sorter. 

As shown in Table I. both the chimeric and the mouse standard 2H7 bound significantly, and to 
approximately the same extent, to the positive T5I fine. They did not bind above background to the 2H7 
negative C-3347 fine. 

Functio nal Assays . , ^ . . 

In previous studies, antibody 2H7 was tested for antibody-dependent cellular cytotoxicity (ADCC) measured 
by its ability to lyse ^Cr-tabelied human B lymphoma cells in the presence of human peripheral blood 
leukocytes as the source of effector cells. It was also tested for its abHity to lyse "Cr labelled human B cells in 
Jie presence of human serum as the source of complement. These tesis were carried out as previously 
described for mouse monoclonal anti-carcinoma antibody LB, which can mediate ADCC. as wen as 
complement-mediated cytoxiclty. CDC. The techniques used and the data described for the L6 antibody have 
been previously described. Helistrom, et a!.. Proc. Natl Acad ScL U S-A. 83: 7059-7063 (I986). 

Chimeric 2H7. but not mouse 2H7 anSb^.W&eaoTe to mediateTSffT ADCC and CDC against human B 
lymphoma cells. Thus a hybrldbma producing a nonfunctional mouse antibody can be converted to a 
hybridoma producing a chimeric antibody with ADCC and CDC activities. Such a chimeric antibody is a prime 
candidate for the treatment or imaging of B cell disorders, such as leukemfes. lymphomas, and the like. 

This invention therefore provides a method r or making biologically functional antibodies when starting with a 
hybridoma which produces antibody which has the desired specificity for antigen but lacks biological effector 50 
functions such as ADCC and CDC. 

Conclusion s. 

" The results presented above demonstrate that the chimeric 2H7 antibody binds to (Bp35(CD20)) antigen 
positive human B cells to approximately the same extent as the mouse 2H7 monoclonal antibody. This is 25 
significant because the 2H7 antibody defines a surface phosphoprotein antigen (Bp35(CD20)), of about 35.000 
daltons, which is expressed on the cells of B cell lineage. The 2H7 antibody does not bind detectabty to various 
other cells such as fibroblasts, endothelial cells, or epithelial cells in the major organs or the stem cell 
precursors which give rise to B cells. 

Although the prospect of attempting tumor therapy using monoclonal antibodies is attractive, with some 30 
partial tumor regressions being reported, to date such monoclonal antibody therapy has been met with limited 
success (Houghton el ai., February 1985. Proc, "Natl. Acad. ScL 82:1242-1246% Murine monoclonal 
anti-(Bp35(CD20)) antibody has been used for therapy of B cell malignancies (Press, et ai. ,) Blood: Feb. 1987. 
in press). The therapeutic efficacy of mouse monoclonal antibodies (which are the ones that have been tried 
so far) appears to be too low for most practical purposes. Because of the "human* properties which may make 35 
the chimeric 2H7 monoclonal antibodies more resistant to clearance and less immunogenic in v ivo, the 
chimeric 2H7 monoclonal antibodies wiO be advantageously used not only for therapy with unmodified chimeric 
antibodies, but*aIso*tor development of variousHmmunbconjugates with drugs, toxins, immunomodulators, 
isotopes; etc., as weil as for diagnostic purposes such as In vivo imaging of B-cetl tumors (for example, 
lymphomas and leukemias) using appropriately labelled chimeric 2H7 antibodies. Such immunoconjugatton 40 
techniques are known to those skilled in the art and can be used to modify the chimeric 2H7 antibody 
molecules of the present invention. The chimeric 2H7 antibody, by virtue of its having the human constant 
portion*wili possess biological activity in compJemenVdependent and antibody-dependent cytotoxicity which 
the mouse 2H7 does not. 

An illustrative cell line secreting chimeric 2H7 antibody was deposited prior to the U.S. filing date at the 45 
ATC^RockviOB Maryland. This is a transacted hybridoma (corresponds to IDS cells supra ) ATCC HB 9303. 

The present invention Is not to be Bmlted in scope by the cell lines deposited since the deposited 
embodiment is intended as a single Illustration of one aspect of the Invention and all ceil lines which are 
functionally equivalent are within the scope of the Invention. Indeed, various modifications of ths invention in 
addition to those shown In the art from the foregoing description and accompanying drawings. Such 50 
modifications are Intended to fall within the scope of the appended claims. 
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TABLE 1 

Bindlaa Assays Of Chimeric 2B7 Antibody and House 2H7 Mono- 
Binding /vssayo /u«**wrn20) > and a 

clonal Antibody to a B cell Line Expressing <Bp35<CD20» 

Coll Line Not Expressing This Antigen. 



Binding Ratio* for 
T51BC£i±± 



Antibody 

2H7 Mouse 
2H7 Chimeric 
L6 Mouse 



2H7 Chimeric 
L6 Mouse 



6AM 

37 
ND 
1 



GAH 

ND 
29 
ND 



Binding Ratio* for 
C3347 Cells 



GAM 

1.4 

ND 
110 



GAH 

ND 
1.3 
ND 



■MM MgMtr • MM «"!*> <•«■"■ ■»*'' TSSSinSm *» »" Ml J4» is just M bright as M 



ND - not done 



Claims 

^Smolec-jleofclaiml^ 
3.Themolecdeof ctaJmlwtereinsd seouence codmg for the constant 

I Semoleculeof d^4i^ — ■-»«2K^ B ^^^ 

7. The molecule of claim! which Is a recombinantDNA molecul* 

8. The molecule of claim 7 which Is In double-stranded DNAform. 

9. The molecule of claim 7 which is an expressible vehteta. 

10. The molecule of daim S wherein ssid vehicle Is a , ptemML 

11. a prokaryotic host transformed with the molecule of claim 4. 
12-ThehostofcIaimBwhicriisabacterlum. ..... 

0. Aeukaryotic host transfected with the molecule of data 4. 

(Bp35(CD20» expressed on the surface of human B cells. 
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18. The antibody of claim 17 in detectably labelled form. 

19. The antibody of claim (7 immobilized on an aqueous-insoluble solid phase. 

20. A process of preparing an immunoglobulin heavy chain having a constant human region and a 
variable region having specificity to a 35 kDa polypeptide (Bp35(CO20)) expressed on the surface of 
human B cells which comprises: 5 

cuituring a host capable of expressing said chain under cuituring conditions and 
recovering from said culture said heavy chain. 

21. A process of preparing an immunoglobulin tight chain having a constant human region and a variable 
region with specificity to a 35 kOa polypeptide (Bp35(CD20)> expressed on the surface of human B cells 
which comprises: 10 

cutturing a host capable of expressing said chain under cuituring conditions; and 
recovering from said culture said light chain. 

22. A process of preparing a chirr. *rtc immunoglobulin containing a heavy chain and a light chain each of. 
said heavy and light chains having a constant human region and a variable region with specificity to a 35 

kDa polypeptide (Bp35(CD20)) expressed on the surface of human B cells which comprises: 15 

cuituring a host capable of expressing said heavy chain, or said light chain, or both, under cuituring 
conditions; and 

recovering from said culture said chin jric immunoglobulin molecule. 

23. The process of any of claims 20, 21 or 22 wherein said host is prokaryotic. 

24. The process of any of claims 20, 21 or 22 wherein said host is eukaryotic. 20 
25- An immunoassay method for the detection of a 35 kDa polypeptide normally expressed on the 

surface of B cells in a sample, which comprises: 

contacting said sample with the antibody of claim 17 and 
detecting whether said antibody binds to said antigen. 

26. An in vivo or in vitro imaging method to detect an antigen comprising a 35 kDa polypeptide normally 25 
expressed on the surface of B cells which comprises contacting said antigen with the labelled antibody of 
claim 18 and detecting said antibody. 

27. A method of killing cells carrying an antigen thereon, which antigen comprising a 35 kDa polypeptide 
normally expressed on the surface of B cells which comprises: 

contacting said ceils with the antibody of claim 17. 30 

28. The method of claim 27 wherein said killing occurs by complement mediated lysis of said cells. 

29. The method of claim 27 wherein said killing occurs by ADCC. 
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ht>vy chain J-C region 

huaan heavy chain J regione J I CHI 

JHl 6CTCAATACTTCCACCACTCCCCCCACGCCACCCTCCTCACCGTCTCCTCAG 
JH2 CTACTaffACTTCCATCTCTCCCGCCCTGCCACCCTCCTCACTGTCTCCTCAC 
JB3 ATGCTTTTGATGTCTGGGGCC AAGGG AC AATGGTCACCGTCTCTTCAG 

JB4 ACTACTTTGACTACTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 
JH5 ACACTGGTTCGACTCCTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 
JB6 ATI TAC )s GGTATGGACGTCTGGGGGCAAGGGACCACGGTCACCGTCTCCTCAG 
Consensus TCGACC^CTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 

■ouae heavy chain J regions J I CHI 

JB1 lACTGGTACTTCGATGTCTGOGGCGCAGGGACCACGGTCACCGTCTCCTCAG 
JB2 TACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCAG 
JB3 CCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAG 
JB4 TACTATGCTATGGACTACTGCGGTCAAGGAACCTCAGTCACCGTCTCCTCAG 
Consensus TTTGACTACTGGGGCCAAG6GACCACGGTCACCGTCTCCTCAG 

Ig light chain J-C region 

huaan Kappa J region J I C 

JX1 CGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAAC 
JK2 ACACTTTTGGCCAGGGGACCAAGCTGGAGATCAAAC 
JK3 TCACTTTCGGCCCTGGGACCAAAGTGGATATCAAAC 
JK4 TCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAAC 
t^JK5 ;«CAC&T7CGGCGAAGGGACACGACTGGAGATTAAAC 
Consensus TTCGGCCAAGCCACCAAG6TGGAGATCAAAC 

j aouse Kappa J regio n J I C 

'ftMKl TGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAAC 
^JH2 IACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAAC 
*TJK3 WCACATTCAGTGATGGGACCAGACTGGAAATAAAAC 

JX4 TTCACGTfCGGCTCGGGGACAAAGT^GC^AATAAAAC 

JKS CTCACGTTCGGTGCTGGGACCAAGCTGG AG CTG AA AC 

Consensus TTCGGTC6GGCGACCAACCTG6AAATAAAAC 

0IG1MJK] jtTGGTTCGACCTTTATTTTG j 

huaan taabda pseudo J region J I C 

JPSL1 CACATCTTTGGCAGCAAGACCCAGCCCACTGTCTTAG 

■ouae Laabda J region J I C 

JL1 TGGGTGTTCGGTGGAGGAACCAAACTGACTGTCCTAG 
JL2 IAIGTTTTCGGCGGTGGAACCAAGGTCACTGTCCTAG 
JL3 TITATTTTCGGCAGTCGAACCAAGGTCACTGTCCTAG 
Consensus TTCGGCGGTGGAACCAAGGTCACTGTCCTAG 



,ou.e heavy ch.in J .events 



JHl 
JB2 
JB3 
JH4 



CCK(aW6CIT»CIG<»GCC»A«!»WV 



GTCTCCTCA 
GTCTCCTCX 
GTCTCTGCA 
GTCTCCTCA 



consensus priwr: (fl** 



XGGGACCAC GGTCACC CTCTC 



mouse i 



light chain J segments 



JX1 
JX2 
JK4 
JK5 

consensus primer: 



AAGCT$ 
AAGCT$ 



AAC 



TGGACGTTCGGTGGAGGOACC 
TACACGTTCGGAGGGGGGACC 
TTCACGTTCGGCTCGGGGAO^ 
CTCACGTTCGGTGCTGGGACC 

GGGACC AAGCTT GAG 



G^ATCAAA 
GA^ATAAAA 



G#I$ GA&ATAAAA 
AAGCP& GAGCTGAAA 



t>GKH 6 Human C v l constant domain module 



0214394 



JH 



G GTC ACC GTC TCT TCAlGCC TCC ACC AAG GGC CCA TCG GTC TTC - 



Bst EII 



Aoa I 



pGML 60 Human C K constant domain nodule 

G7.T CAT CTC CCT CTC ACT TTC GGC GGA GGG ACC AAG GTG GAG ATG AAA 



t 

Hind III 



02*4394 



2H7 heavy chain var iable sequence 

/cede 

Biet-g*y-phe ser arg ile ©he 
C_ GTACCTCTCTACAGTCCCTGAAGACACTGACTCTMSCA^G^SGA TT^AGC AGG ATC TXT 

l.u l.u .« v.l thr thr ,ly W^^^ ffi & SS 

CTC TTC CTC CTG TCA GTA ACT ACA GGT GTC CKfcr-zcu w* 
e • • • • * • „,„ _■, _ va i lys met ser cys 

us is Ik Sci ^ & ^ rd ss ss & ;s £. & « »* TCC 

lys ala ser tfly tyr thr phe thr ser tyr asn jet his trp val lys oln 
AAG GCT TCT GGC TAC ACA TTT ACC AGT TAC aai 

W l | OX* % , 

£ cl? S US & £ liS » £ ffi-SS S ft ffi » 

& ss s ae s $ as es as s as a js & ss ss ss 

33S K !S IK SS §E 5£ ffi & !£ XS & JS ?S & 

Baasssag a & g % s ss g.s « 

tyr phe asp valtrp 9 ly thr gly thr thr val thr val ser 
2c TO GAT GTC TGG GGC ACA GGG ACC ACG GTC ACC GTC TC6 30 



02*433^ 



2H7 light chain variable sequence 

leader pephcfe* 

met asp phe gin val gin ile phe ser ohe leu leu 
C 2 3CCCAAAATTC AAAG ACAAAATG GAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA 
— GTC Sdt / primer 

ile ser ala ser val ile ile ala arg gly gin ile val leu ser qln ser 
ATC AGT GCT TCA GTC ATA ATT GCC AGA GGA CAA A'if GTT CTC TCC CAG TCT 

FX* I 

pro ala ile leu ser ala ser oro gly glu lys val thr met thr cys arg 
CCA GCA ATC CTG TCT GCA TCT CCA GGG GAG AAG GTC ACA ATG ACT TGC AGG 

ala ser ser ser val ser tyr met his trp tyr gin gin lys Dro gly ser 
GCC AGC TCA AGT GTA AGT TAC ATG CAC TGG TAC CAG CAG AAG CCA GGA TCC 

FAX 1 CPAX £MX j T*3 

ser pro lys pro trp ile tyr ala pro ser asn leu ala ser gly val oro 
TCC CCC AAA CCC TGG ATT TAT GCC CCA TCC AAC CTG GCT TCT GGA GTC CCT 



ala arg phe ser gly ser gly ser gly thr ser tyr ser leu thr ile ser 

GCT CGC TTC AGT GGC AGT GGG TCT GGG ACC TCT TAC TCT CTC ACA ATC AGC 

o o 0 0 6 o F£3 I CM 3 0 o o o 

*ara val glu ala glu aso ala ala thr tyr tyr cys gin oln tro ser che 

AGA GTG GAG GCT GAA GAT GCT GCC ACT TAT TAC TGC CAG CAG TGG AGT TT7 



asn pro bro tnr one gly ala gly thr lys leu glu leu lys 
AAC CCA CCC ACG TTC GGT GCT GGG ACC AAG CTG GAG CTG AAA 

^ *T*N*nain primer 



Soil Wncrm 




Sat x. feteu- 




?\*fj f Ales ■*« w 
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